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(57) A mobile communications system can easily 
set the optimum threshold for use in selecting a modu- 
lation-coding mode depending on a link condition. A se- 
lection control unit compares the reception quality of a 
common pilot signal detected by a mobile station with a 
plurality of thresholds stored in a threshold table, deter- 
mines a modulation-coding mode to be selected, and 
outputs the determination result as a switch instruction. 
A threshold variable control unit variably controls the 
threshold level indicating the range of the link quality 
corresponding to the currently used modulation-coding 
mode based on the contents of the reception error no- 
tification from the mobile station. 
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(54) Selection of modulation and coding in mobile communications 



(57) A mobile communications system can easily 
set the optimum threshold for use in selecting a modu- 
lation-coding mode depending on a link condition. A se- 
lection control unit compares the reception-quality of a - 
-commor>pilo^signal^etected-by-a-mobilestation-with-a-- 
plurality of thresholds stored in a threshold table, deter- 



mines a modulation-coding mode to be selected, and 
outputs the determination result as a switch instruction. 
A threshold variable control unit variably controls the 
-threshold level-Indicating the range-of the link quality 
_corresponding-to_the-currently used.modulation-codlng 
mode based on the contents of the reception error no- 
tification from the mobile station. 
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Description of the common pilot signal from the base station. The 

base station compares the reception quality of the com- 

BACKGROUND OF THE INVENTION mon pilot signal obtained from the mobile station with 

the threshold, thereby selecting a modulation-coding 

Field of the Invention s mode depending on the reception quality. 

[0007] Another method for selecting any of the mod- 
[0001] The present invention relates to a mobile com- ulation-coding modes can be a method or selecting a 
munications system, a base station, a mobile station, a modulation-coding mode corresponding to the trans- 
threshold setting method therefor, and a storage medi- mission power of an individual signal by determining as 
urn having program of the method recorded therein, and 10 a prefixed threshold the range of the transmission power 
more specifically to a method for setting a threshold for of the individual signal of a DPCH (Dedicated Physical 
use in switching modulation-coding modes in a system Channel) of the downlink from the base station to the 
in which an HS-PDSCH (High Speed-Physical Downlink mobile station. In this case, the high-speed closed loop 
Shared Channel) is used. transmission power control is performed such that pre- 

15 determined reception quality can be obtained in the mo- 
Description of the Related Art bile station for the downlink individual signal. 

[0008] The TR (Technical Report) 25.848 V4.0.0 
[0002] Recently, in a mobile terminal (mobile station) (March in 2001 ) of the 3GPP (third generation partner- 
such as a portable telephone unit or the like, multimedia ship project) describes the modulation-coding mode as 
technology has been introduced to process still pictures 20 the AMC (Adaptive Modulation and Coding). Prefixed 
having a large volume of data, short-time moving pic- values are set through simulation for the range of the 
tures, etc., and a large capacity and high speed data reception quality of the common pilot signal, and the 
transmission method is required correspondingly. range of the transmission power of the individual signal. 
[0003] As the large capacity and high speed data [0009] In the above mentioned conventional mobile 
transmission method, a PDSCH (Physical Downlink 25 communications system, there is the problem that it is 
Shared Channel) system and an HS-PDSCH system, difficult to set the optimum range (threshold) of the re- 
etc. in which only a downlink (from a base station to a ception quality of a common pilot signal corresponding 
mobile station) transmission rate is Increased have to each modulation-coding mode when a modulation- 
been suggested. coding mode is selected depending on the reception 
[0004] In a mobile communications system for trans- 30 quality of a common pilot signal, 
mitting data from a base station to a mobile station using [001 0] Although the same reception quality of a com- 
the above mentioned HS-PDSCH, any of a plurality of mon pilot signal is set, the performance of a terminal can 
modulation-coding modes can be selected. Each of the be different. Therefore, the reception error rate of a 
modulation-coding modes is a combination of any of a packet can also be different. As a result, there is also 
plurality of modulation modes such as the QPSK (Quad- 35 the problem that each terminal has a different optimum 
rature Phase Shift Keying) for transmitting two bits (four value for the threshold of the reception quality of a corn- 
values) in one modulating process, the 16QAM (16 mon pilot signal corresponding to each modulation-cod- 
Quadrature Amplitude Modulation) for transmitting four ing mode of each terminal. 

bits (sixteen values) in one modulating process, the [0011] The factorof determining the link condition can 
64QAM (64 Quadrature Amplitude Modulation) for *o be a propagation loss, a multi-path environment (the 
transmitting six bits (sixty-four values) in one modulating number of paths and the size of each path), noise power 
process, etc. and any of a plurality of coding modes such (interference wave power and heat noise power), the 
as the 3/4 rate error correction code having the redun- moving speed of a mobile station, etc. Therefore, al- 
dancy of the ratio of 4/3 of a total number of bits to in- though the same reception quality of a common pilot sig- 
formation bits with a check bit added, the 1/2 rate error 45 nal is set there can be any of the above mentioned dif- 
correction code having the redundancy of the ratio of ferent factors. As a result, a different optimum mode can 
2/1 of a total number of bits to information bits, etc. be set for the HS-PDSCH depending on the multi-path 
[0005] A method for selecting any of the above men- environment and the moving speed of a mobile station, 
tioned modulation-coding modes can be a conventional The optimum mode refers to the mode having the high- 
method of selecting a modulation-coding mode depend- so est data transmission rate in the modes satisfying the 
ing on the reception quality of a common pilot signal af- target communications quality (block error rate, etc.) 
ter determining as a prefixed threshold the range of the [0012] On the other hand, in the case of the method 
reception quality [Ec/lo (energy per chip/interference of selecting a modulation-coding mode corresponding 
wave power per unit frequency)] of the common pilot sig- to the transmission power of an individual signal, there 
nal of a CPICH (Common Pilot Channel) which is trans- 55 is no feedback delay due to the report of the reception 
mitted from a base station to a mobile station. quality of the above mentioned common pilot signal from 
[0006] In this case, the mobile station notifies the base a mobile station to a base station. Therefore, there is no 
station of a measurement result of the reception quality influence of a feedback delay. 
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[0013] However, there is also the problem in this 
method that it is difficult to set the optimum range 
(threshold) of the transmission power of the individual 
signal corresponding to each modulation-coding mode. 
Furthermore, in this method, if a mobile station is located 
at the cell boundary, and soft handover is performed to 
set the dedicated physical channel for a plurality of base 
stations, then there can be a larger error from the actual 
downlink link quality on the assumption of the downlink 
link quality with the transmission power of the individual 
signal because no soft handover is performed in the da- 
ta transmission using the above mentioned HS-PDSCH, 
but data is transmitted from one base station only. 

SUMMARY OF THE INVENTION 



[0014] The present invention has been developed to 
solve the above mentioned problems, and aims at pro- 
viding a mobile communications system capable of eas- 
ily setting the optimum threshold used in selecting a 
modulation-coding mode depending on the link condi- 
tion, abase station, a mobile station, a threshold setting 
method used therefor, and a storage medium having 
program of the method recorded therein. 
[0015] A mobile communications system according to 
the present invention can select any one of a plurality of 
modulation-coding modes used for data transmission of 
a unit of block between a base station controlled by a 
base station control device and a mobile station, and 
includes: measurement means for measuring link qual- 
- ity in the data transmissionpselection means for-select- 
— ing-one^ode^rom-the-modutation-coding-modes-de-- 
pending on the link quality measured by the measure- 
ment means; detection means for detecting the occur- 
rence of a reception error of each block in the data trans- 
mission; and variable control means for variably control- 
ling a threshold used in selecting one mode from the 
modulation-coding modes by the selection means 
based on the detection result by the detection means. 
[0016] A base station according to the present inven- 
tion is controlled by a base station control device, per- 
forms the data transmission of data divided into blocks 
with a mobile station by using any one of the plurality of 
modulation-coding modes, and includes: selection 
means forselecting one mode from the modulation-cod- 
ing modes depending on link quality in the data trans- 
mission; and variable control means for variably control- 
ling a threshold for use in selecting one mode from the 
modulation-coding modes by the selection means 
based on the occurrence of a reception error of each 
block in the data transmission detected by the mobile 
station. 

[0017] A mobile station according to the present in- 
vention to which abase station controlled by abase sta- 
tion control device performs the data transmission of da- 
ta divided into blocks by using any one of a plurality of 
modulation-coding modes, includes: measurement 
means for measuring link quality in the data transmis- 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



sion; detection means for detecting the occurrence of a 
reception error of each block in the data transmission; 
selection means for selecting one mode from the mod- 
ulation-coding modes depending on the link quality 
measured by the measurement means; and variable 
control means for variably controlling a threshold used 
by the selection means selecting one mode from the 
modulation-coding modes based on the detection result 
by the detection means. 

[0018] A threshold setting method according to the 
present invention is a threshold setting method of a mo- 
bile communications system capable of selecting any 
one of a plurality of modulation-coding modes used for 
data transmission of a unit of block between a base sta- 
tion controlled by a base station control device and a 
mobile station, and includes: a step of measuring link 
quality in the data transmission; a step of selecting one 
mode from the modulation-coding modes depending on 
the measured link quality; a step of detecting the occur- 
rence of a reception error of each block in the data trans- 
mission; and a step of variably controlling a threshold 
used in selecting one mode from the modulation-coding 
modes based on the detection result. 
[0019] A storage medium according to the present in- 
vention is a storage medium having recorded therein a 
program of a threshold setting method of abase station 
in a mobile communications system capable of selecting 
any one of a plurality of modulation-coding modes used 
for data transmission of a unit of block between the base 
station controlled by a base station control device and 
—a mobile station r and-the program causes a computer 
— to-exeeute^rocessing-for-seleeting one^mode from the 
transmission/reception modes depending on the meas- 
ure result of link quality in the data transmission and 
processing for variably controlling a threshold used in 
selecting one mode from the transmission/reception 
modes based on the detection result of the occurrence 
of a reception error of each block in the data transmis- 
sion. 

[0020] That is, the mobile communications system ac- 
cording to the present invention capable of selecting any 
one of a plurality of modulation-coding modes switches 
the modulation-coding modes depending on the link 
quality of the radio fink, and the level (threshold level) 
at which the modulation-coding mode is switched is con- 
trolled based on the occurrence of a reception error of 
each data block transmitted from the base station to the 
mobile station. 

[0021] In the practical explanation, when the base sta- 
tion transmits an information block to the mobile station 
in the mobile communications system according to the 
present invention, the mobile station receives the infor- 
mation block. If there is a reception error for the infor- 
mation block, then the mobile station notifies the base 
station that the reception of the information block has 
failed. 

[0022] The base station variably controls the thresh- 
old used for switching modulation-coding modes based 
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on the occurrence of the reception error of the informa- 
tion block. That is, when the information block is suc- 
cessfully received, the threshold level indicating the 
range of the link quality corresponding to the currently 
used modulation^coding mode is lowered by a predeter- 
mined value Pdown dB. When the reception error of the 
information block occurs once or a predetermined 
number of times, the above mentioned threshold level 
Is raised by a predetermined value P up dB. 
[0023] The method for estimating the link quality can 
be, as described above, a method of using a measure- 
ment result of the reception quality of a common pilot 
signal reported from the mobile station, and a method 
of using a measurement result of transmission power of 
a downlink individual signal of a DPCH(Dedicated Phys- 
ical Channel) for which a high-speed closed loop trans- 
mission power control is performed. 
[0024] The values for use in raising/lowering the 
threshold level are defined as P down < P up . Furthermore, 
the values for use in raising/lowering the threshold level 
are determined depending on a target block error rate. 
In this case, assuming that the target block error rate is 
1/N, the expression of (N - 1) P^n = P up is set. For 
example, if the target block error rate is 10%, P^n is 
0.1, and P up is 0.9. 

[0025] On the other hand, the method of raising/low- 
ering the threshold level can also be a method of simul- 
taneously raising/lowering all thresholds corresponding 
to the modulation-coding modes, and a method of inde- 
pendently raising/lowering each of the thresholds. 
.[0026] In themethod of simultaneously raising/lower- 
ing the thresholds , when the thresh ol d level indicating 



the range of the link quality corresponding to the cur- 
rently used modulation-coding mode is lowered, all oth- 
er threshold levels are lowered, and when the threshold 
level Is raised, all other threshold levels are raised. 
[0027] In the method of independently raising/lower- 
ing each of the thresholds, only the threshold level indi- 
cating the range of the link quality corresponding to the 
currently used modulation-coding mode is raised/low- 
ered. In this case, when an information block is success- 
fully received, the upper limit threshold level is lowered 
by a predetermined value Pdo wn dB, and when an infor- 
mation block is not successfully received a predeter- 
mined number of times, the lower limit threshold level is 
raised by a predetermined value P up dB. 
[0028] As described above, when a threshold level is 
raised/lowered, the upper limit threshold level is not to 
be raised after the upper limit threshold level has raised 
up to a predetermined level when the modulation-coding 
mode at a minimum transmission rate is selected, and 
the lower limit threshold level is not to be lowered after 
the lower limit threshold level has lowered down to a pre- 
determined level when the modulation-coding mode at 
a maximum transmission rate is selected. 
[0029] Otherwise, when the difference between the 
threshold indicating the range of the link quality corre- 
sponding to the currently used modulation-coding mode 



and the current link quality is equal to or larger than a 
predetermined value P max? the threshold level is not to 
be raised/lowered. 

[0030] However, when the method of independently 
raising/lowering each threshold is used, in addition to 
the process in the above mentioned method, the follow- 
ing processes are performed. That is, if it occurs by low- 
ering the upper limit threshold level when the difference 
between the upper limit threshold level and the lower 
10 limit threshold level becomes equal to or lower than a 
predetermined value, then the lower limit threshold level 
is lowered. On the other hand, if it occurs by raising the 
lower limit threshold level, then the upper limit threshold 
level is raised. 

15 [0031] As described above, by variably controlling a 
threshold depending on the presence/absence of the 
occurrence of an error of an information block, a thresh- 
old for use in quickly switching modulation-coding 
modes depending on the link condition can be set. 
20 Therefore, the optimum threshold for use in selecting 
the modulation-coding mode can be easily set depend- 
ing on the link condition. 

[0032] On the other hand, in another mobile commu- 
nications system according to the present invention, the 
25 threshold level is raised/lowered depending on whether 
a block error rate in a predetermined measurement pe- 
riod is higher or lower than a target block error rate. In 
this case, if the block error rate in the predetermined 
measurement period is higher than the target block error 
30 rate, then the threshold level is raised by a predeter- 
mined value P^ dB, and if the block error rate in the 
predetermined measurement period is lowe r than the 
target block error rate, then the threshold level is low- 
ered by a predetermined value Pdo Wn dB. 
35 [0033] Thus, since the threshold for use in quickly 
switching modulation-coding modes depending on the 
link condition can be set, the optimum threshold for use 
in selecting the modulation-coding mode can be easily 
set depending on the (ink condition. 
40 [0034] It is also possible to raise a threshold when oc- 
currence of a reception error is detected n times (n in- 
dicates an integer equal to or larger than 1), and lower 
the threshold when occurrence of a reception error is 
not detected m times (m indicates an integer expressed 
45 by n < m) continuously. 

[0035] On the other hand, in another mobile commu- 
nications system according to the present invention, 
when data transmitted and divided into blocks cannot 
be correctly received, it is retransmitted N times at max- 
50 imum until it can be correctly received. In this system, 
the detection information about the presence/absence 
of a reception error on the retransmitted data is also 
used in controlling the threshold. 
[0036] In this case, the size of a step of decreasing 
55 the threshold is set based on the number i of times of 
the retransmission, and the ratio ABR(=BR1/BR2) of the 
transmission rate BR1 in the current modulation-coding 
mode to the transmission rate BR2 in the modulation- 
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coding mode one level lower than the current modula- 
tion-coding mode. That is, In case of (i + 1) < ABR, since 
there is a strong possibility that transmission can be 
completed faster by using the current modulation-cod- 
ing mode even by performing the retransmission, the 
size of the step of changing a threshold is set to a pos- 
itive value, thereby raising the probability of selecting 
the current modulation-coding mode or higher. 
[0037] On the other hand, in case of (i + 1) > ABR, 
since there is a strong possibility that transmission can 
be completed faster by using the modulation-coding 
mode one level lower than the current mode, the size of 
a step of changing a threshold is set to a negative value, 
thereby raising the probability of selecting the mode low- 
er by one than the current modulation-coding mode. 
Therefore, it is possible to set the optimum threshold to 
perform higher transmission with the retransmission 
taken into account. 

[0038] In contrast, in another mobile communications 
system according to the present invention, the size of a 
step of controlling a threshold is set by the difference 
AQ (= Q - TH) between the current reception quality Q 
and the controlled threshold TH. That is, the larger the 
difference between the actual reception quality and the 
controlled threshold is, the faster convergence to the op- 
timum threshold can be performed by a larger absolute 
value of the step size. 

BRIEF DESCRIPTION OF THE DRAWINGS 



—[0039] 



FIG. 1 is a block diagram of the configuration of the 
mobile communications system according to an 
embodiment of the present invention; 
FIG. 2 is a block diagram of the configuration of the 
base station according to the first embodiment of 
the present invention; 

FIG. 3 is a block diagram of the configuration of the 
mobile station according to the first embodiment of 
the present invention; 

FIG. 4 is a block diagram of the configuration of the 
modulation-coding mode switch selection unit 
shown in FIG. 2; 

FIG. 5 shows the variable control of a threshold for 
use in switching modulation-coding modes by the 
threshold variable control unit shown in FIG. 4; 
FIG. 6 is a flowchart of the variable control of a 
threshold for use in switching modulation-coding 
modes by the threshold variable control unit shown 
in FIG. 4; 

FIG. 7 is a flowchart showing another example of 
the variable control of a threshold for use in switch- 
ing modulation-coding modes by the threshold var- 
iable control unit shown in FIG. 4; 
FIG. 8 is a block diagram of the configuration of the 
modulation-coding mode switch selection unit ac- 
cording to the second embodiment of the present 



invention; 

FIG. 9 shows the variable control of a threshold for 
use in switching modulation-coding modes by the 
modulation-coding mode switch selection unit 

5 shown In FIG. 8; 

FIG. 1 0 is a flowchart of variable control of a thresh- 
old for use in switching modulation-coding modes 
by the modulation-coding mode switch selection 
unit shown in FIG. 8; 

10 FIG. 11 is a flowchart of another example of variable 
control of a threshold for use in switching modula- 
tion-coding modes by the modulation-coding mode 
switch selection unit shown in FIG. 8; 
FIG. 12 is a block diagram of the configuration of 

is the base station according to the third embodiment 
of the present invention; 

FIG. 13 is a block diagram of the configuration of 
the modulation-coding mode switch selection unit 
shown in FIG. 12; 

20 FIG. 14showsvariablecontrolofathresholdforuse 
in switching modulation-coding modes by the 
threshold variable control unit shown in FIG. 13; 
FIG. 15 is a flowchart of the variable control of a 
threshold for use in switching modulation-coding 

25 modes by the threshold variable control unit shown 
in FIG. 13; 

FIG. 1 6 shows variable control of a threshold by the 
threshold variable control unit according to the 
fourth embodiment of the present invention; 
30 FIG. 1 7 is a flowchart of variable control of a thresh- 

old by the threshold variable control unit according 

to the fourth^mbodiment-of the present-invention; 

FIG. 1 8 shows variable control of a threshold by the 
threshold variable control unit according to the fifth 
embodiment of the present invention; 
FIG. 1 9 is a flowchart of variable control of a thresh- 
old by the threshold variable control unit according 
to the fifth embodiment of the present invention: 
FIG. 20 shows variable control of a threshold by the 
threshold variable control unit according to the sixth 
embodiment of the present invention; 
FIG. 21 is a flowchart of variable control of a thresh- 
old by the threshold variable control unit according 
to the sixth embodiment of the present invention; 
and 

FIG. 22 is a flowchart of variable control of a thresh- 
old by the threshold variable control unit according 
to the sixth embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] The embodiments of the present invention are 
described below by referring to the attached drawings. 
FIG. 1 is a block diagram of the configuration of the mo- 
bile communications system according to an embodi- 
ment of the present invention. In FIG. 1 , the mobile com- 
munications system according to the embodiment of the 
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present invention comprises a base station 1 , a mobile 
station 2, and a base station control device [for example, 
an RNC (Radio Network Controller)] 3. 
[0041] The base station 1 divides the data of the 
HS-PDSCH (High Speed- Physical Downlink Shared 
Channel) into data blocks and transmits the data blocks 
to the mobile station 2. Each block is assigned a CRC 
(Cyclic Redundancy Check) code (error detection 
code). Upon receipt of the data block of the HS-PDSCH, 
the mobile station 2 determines the presence/absence 
of a reception error of each data block using the CRC 
code, and notifies the base station 1 of the determination 
result. 

[0042] In the above mentioned mobile communica- 
tions system, any of the modulation-coding modes can 
be selected. Each of the modulation -coding modes 
[64QAM with R=3/4 t 16QAM with R=3/4, QPSK with 
R=1/2 (described in TR25.848 V4.0.0 of 3GPP (March 
in 2001))] is a combination of any of a plurality of mod- 
ulation modes such as the QPSK (Quadrature Phase 
Shift Keying) for transmitting two bits (four values) in one 
modulating process, the 16QAM (16 Quadrature Ampli- 
tude Modulation) for transmitting four bits (sixteen val- 
ues) in one modulating process, the 64QAM (64 Quad- 
rature Amplitude Modulation) for transmitting six bits 
(sixty-four values) in one modulating process, etc. and 
any of a plurality of coding modes such as the 3/4 rate 
error correction code having the redundancy of the ratio 
of 4/3 of a total number of bits to information bits with a 
check bit added, the 1/2 rate error correction code hav- 
ing the redundancy of the ratio of 2/1 of a total number 
_ot_bits_to information_bits,. etc. _The„above_mentioned . 
modulation-coding modes are normally switched based 
on the determination of the base station 1 / but can also 
be switched by the mobile station 2 issuing an instruc- 
tion to the base station 1 through the DPCH (Dedicated 
Physical Channel) of the uplink (UL). 
[0043] When the base station 1 determines the switch 
of the modulation-coding modes, a notification is trans- 
mitted from the base station 1 to the mobile station 2 us- 
ing the DPCH of the downlink(DL). After the notification 
of the switch of the modes, the modulation-coding 
modes are switched at a predetermined timing. 
[0044] FIG. 2 is a block diagram of the configuration 
of the base station 1 according to the first embodiment 
of the present invention. In FIG. 2, the base station 1 
comprises an antenna 11, a duplexer (DUP) 12, a re- 
ception unit 13, a user information-control information 
separation unit 14, a modulation-coding mode switch 
selection unit 15, a control unit 16, a modulation-coding 
unit 17, a combination unit 18, a transmission unit 19, 
and a storage medium 20. Since a call control portion, 
a voice input/output portion, and a display portion of the 
base station 1 can be obtained from the conventional 
technology, their configurations and operations are 
omitted here. 

[0045] The reception unit 1 3 transmits the signal [DP- 
CH (UL), etc.] received through the antenna 11 and the 



duplexer 12 to the user information-control information 
separation unit 14. The user information -control infor- 
mation separation unit 1 4 separates the signal received 
from the reception unit 1 3 into user information (a voice 

5 signal, an image signal, etc.) and control information, 
transmits the user information to the above mentioned 
call control portion, voice output portion, and display 
portion, and the control information to the modulation- 
coding mode switch selection unit 1 5 and the control unit 

10 16. 

[0046] The modulation-coding mode switch selection 
unit 15 monitors a reception error notification from a mo- 
bile station not shown in Fig. 2 by executing the program 
stored in the storage medium 20, variably controls the 
15 threshold depending on the monitor result, determines 
which modulation-coding mode is to be selected de- 
pending on the current link quality using the threshold, 
and transmits a switch instruction for switching to the 
modulation-coding mode to the control unit 1 6 and mod- 

20 ulation-coding unit 17. 

[0047] The modulation-coding mode switch selection 
unit 1 5 sets in advance the value of the variable control 
of the threshold depending on a target block error rate. 
When the threshold is variably controlled, the value 

25 used in lowering the threshold level is set to Pdo Wn while 
the value used in raising the threshold level is set to P up . 
These values are expressed by 9*,^ < P up . Inthis case, 
if the target block error rate is 1/N, then the expression 
'(N - 1) P doW n = p u P ' ls set For example, if the target 

30 block error rate is 1 0% and P down is 0. 1 , then P^ is 0.9. 
[0048] Thecontrol unit 16 generates various control 

signals bas„ed_on the^contrpl information from the user 

Information-control Information separation unit 14 and 
the externally input information (for example, control in- 

35 formation from a base station control device not shown 
in Fig. 2 f etc.), and outputs the signals to control the re- 
spective portions in the base station 1 by executing the 
program stored on the storage medium 20. The storage 
medium 20 stores the program executed by each por- 

40 tion of the base station 1 including the control unit 16. 
[0049] Furthermore, when the modulation-coding unit 
1 7 switches the modes at a switch instruction from the 
modulation-coding mode switch selection unit 15, the 
control unit 16 generates control information including 

45 the mode switch information, and transmits it to the com- 
bination unit 18. 

[0050] The modulation-coding unit 17 comprises a 
QPSK modulation-coding circuit 171 , a 16QAM modu- 
lation-coding circuit 1 72, and a 64QAM modulation-cod- 

so ing circuit 173. The modulation-coding mode of the 
QPSK modulation-coding circuit 171 is the above men- 
tioned QPSK with R= 1/2. The modulation-coding mode 
of the 16QAM modulation-coding circuit 172 is the 
above mentioned 1 6QAM with R = 3/4. The modulation- 

55 coding mode of the 64QAM modulation-coding circuit 
173 is the above mentioned 64QAM with R = 3/4. 
[0051] In response to the switch instruction from the 
modulation-coding mode switch selection unit 15, the 
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modulation-coding unit 1 7 switches to any of the QPSK 
modulation-coding circuit 171, the 16QAM modulation- 
coding circuit 172, and the 64QAM modulation -coding 
circuit 173, modulates and codes the user information 
using the swltched-to circuit, and transmits the result as 
the data of HS-PDSCH to the combination unit 18. 
[0052] The combination unit 18 combines the control 
information including the mode switch information from 
the control unit 16, the data of the HS-PDSCH from the 
modulation-coding unit 1 7, the input signals from the call 
control portion, the voice input portion, etc. of the base 
station 1 , and issues the resultant signals as the DPCH 
(DL) and the HS-PDSCH from the antenna 11 through 
the transmission unit 19 and the duplexer 12. 
[0053] FIG. 3 is a block diagram of the configuration 
of the mobile station 2 according to the first embodiment 
of the present invention. In FIG. 3, the mobile station 2 
comprises an antenna 21, a duplexer (DUP) 22, a re- 
ception unit 23, a user information-control information 
separation unit 24, a control unit 25, a demodulation- 
decoding unit 26, an error detection unit 27, a reception 
quality measurement unit 28, a combination unit 29, a 
transmission unit 30, and a storage medium 31 . Since 
a call control portion, avoiceinput/outputportion, an- 
dadisplay portion of the mobile station 2 can be obtained 
from the conventional technology, their configurations 
and operations are omitted here. 
[0054] The reception unit 23 transmits the signal 
{CPICH (Common Pilot Channel), DPCH, HS-PDSCH 
(Physical Downlink Shared Channel)} received through 
theantenna 21 and the duplexer 22 to the user informa- 
tion-control information separation unit 24. 
[0055] The user information-control Information sep- 
aration unit 24 separates the received signal from the 
reception unit 23 into user information (a voice signal, 
an image signal, etc.) and control information, transmits 
the user information to the demodulation-decoding unit 
26, and the call control portion, voice output portion, and 
display portion of the mobile station 2, and transmits the 
control information to the control unit 25. 
[0056] The control unit 25 generates various control 
signals based on the control information from the user 
information-control information separation unit 24 and 
an external input information (for example, user infor- 
mation from a ten-key and the voice input portion), out- 
puts the generated signals to control each unit in the 
mobile station 2 by executing the program stored on the 
storage medium 31, generates the control information 
to the base station 1, and transmits the information to 
the combination unit 29. The storage medium 31 stores 
the program executed by each unit of the mobile station 
2 including the control unit 25. 

[0057] The demodulation-decoding unit 26 comprises 
a QPSK demodulation-decoding circuit 261, a 16QAM 
demodulation-decoding circuit 262, and a 64QAM de- 
modulation-decoding circuit 263, switches to any of the 
QPSK demodulation-decoding circuit 261, the 16QAM 
demodulation-decoding circuit 262, and the 64QAM de- 



modulation-decoding circuit 263 in response to a switch 
instruction from the control unit 25, demodulates and de- 
codes the user information from the user information- 
control information separation unit 24 by using the 
s switched-to circuit, and outputs the data of the HS-PD- 
S(iH to the error detection unit 27 and each unit in the 
mobile station 2. 

[0058] The error detection unit 27 determines the 
presence/absence of a reception error in each data 
10 block of the HS-PDSCH decoded by the demodulation- 
decoding unit 26 using the CRC code added to each 
data block, and outputs the determination result to the 
combination unit 29. The reception quality measure- 
ment unit 28 measures the reception quality [Ec/lo (en- 

15 ergy per chip/interference wave power per unit frequen- 
cy)] of the common pilot signal from the user informa- 
tion-control information separation unit 24, and outputs 
the measurement result to the combination unit 29. 
[0059] The combination unit 29 combines the control 

20 information from the control unit 25, the determination 
result from the error detection unit 27, the measurement 
result from the reception quality measurement unit 28, 
an external input signal from the call control portion, the 
voice input portion of the mobile station 2, etc., and is- 

25 sues the result as the DPCH (UL) from the antenna 21 
through the transmission unit 30 and the duplexer 22. 
[0060] FIG. 4 is a block diagram of the configuration 
of the modulation-coding mode switch selection unit 15 
shown in FIG. 2. In FIG. 4, the modulation-coding mode 

30 switch selection unit 15 comprises a selection control 
- unit 1 5a,-a-threshold table 1 5b, and a threshold variable 

_control-unit-1 5c .- 

[0061] The selection control unit 15a compares the 
measurement result of the reception quality of the com- 

35 mon pilot signal (CPICH) from the reception quality 
measurement unit 28 of the mobile station 2 separated 
by the user information-control information separation 
unit 14 with a plurality of thresholds stored in the thresh- 
old table 15b, determines which modulation-coding 

40 mode is to be selected, and outputs the determined con- 
tents as a switch instruction. In this case, the selection 
control unit 1 5a specifies 'no change 1 if the selected 
modulation-coding mode is the same as in the previous 
process. 

45 [0062] The threshold variable control unit 1 5c variably 
controls a plurality of thresholds stored in the threshold 
table 15b based on the contents of the reception error 
notification from the error detection unit 27 of the mobile 
station 2 separated by the user information-control in- 

50 formation separation unit 14. That is, the threshold var- 
iable control unit 15c lowers the threshold level of the 
range of the link quality corresponding to the currently 
used modulation-coding mode by a predetermined val- 
ue of P down dB when the information block is success- 

55 fully received at the mobile station2, and raises the 
above mentioned threshold level by a predetermined 
value of P up dB when the information block is not suc- 
cessfully received a predetermined number of times. In 
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this case, the threshold variable control unit 15c simul- 
taneously raises and lowers all thresholds correspond- 
ing to the modulation-coding modes. 
[0063] FIG. 5 shows the variable control of the thresh- 
old for use in switching modulation-coding modes by the 
threshold variable control unit 1 5c shown in FIG. 4. FIG. 
6 is a flowchart of Ihe variable control of the threshold 
for use in switching modulation-coding modes by the 
threshold variable control unit 15c shown in FIG. 4. The 
variable control of the threshold for use in switching 
modulation-coding modes by the threshold variable 
control unit 15c is described below by referring to FIGS. 
4 to 6. In the following explanation, the threshold is rep- 
resented by T1 andT2, the modulation-coding mode by 
MCS(Modulation and Coding Set)#1, MCS#2, and 
MCS#3. These modulation-coding modes MCS#1, 
MCS#2, and MCS#3 respectively correspond to the 
above mentioned QPSK with R=1/2, 16QAM with 
R=3/4, and 64QAM with R=3/4. 
[0064] Upon receipt of the reception error notification 
from the mobile station 2, the threshold variable control 
unit 15c computes (in step S3 shown in FIG. 6) the dif- 
ference between the reception quality of the common 
pilot signal measured by the reception quality measure- 
ment unit 28 of the mobile station 2 and the upper limit 
threshold (for example, the upper limit threshold T1 of 
the modulation-coding mode MCS#1) of the .currently 
used modulation-coding mode when the currently used 
modulation-coding mode is the mode at the minimum 
transmission rate (step S2 shown in FIG. 6) if the deter- 
mination result of the transmission block is an 'error 4 

(step Si-shown in-FIG. 6). 

[0065] If the arithmetic result is smaller than a prede- 
termined value of P 2 (step S4 shown in FIG. 6), the 
threshold variable control unit 15c raises all thresholds 
T1 and T2 by the predetermined step P up (step S5 
shown in FIG. 6), thereby returning control to step St. 
If the arithmetic result is equal to or larger than the pre- 
determined value of P 2 (step S4 shown in FIG. 6), then 
the threshold variable control unit 15c does not raise the 
thresholds T1 and T2 any more, thereby returning con- 
trol to step S1 . 

[0066] If the currently used modulation-coding mode 
is not the mode at the minimum transmission rate (step 
S2 shown in FIG. 6), the threshold variable control unit 
15c raises all thresholds T1 and T2 by the predeter- 
mined step P up (step S5 shown in FIG. 6), thereby re- 
turning control to step SI. 

[0067] On the other hand, if the determination result 
of the transmission block is not an 'error* (step S1 shown 
in FIG. 6), then the threshold variable control unit 15c 
computes (in step S7 shown in FIG. 6) the difference 
between the reception quality measured by the recep- 
tion quality measurement unit 28 of the mobile station 2 
and the lower limit threshold T2 of the currently used 
modulation-coding mode when the currently used mod- 
ulation-coding mode is the mode at the maximum trans- 
mission rate (step S6 shown in FIG. 6). 



[0068] If the arithmetic result is smaller than a prede- 
termined value of P t (step S8 shown in FIG. 6), the 
threshold variable control unit 1 5c lowers all thresholds 
T1 and T2 by the predetermined step P down (step S9 
5 shown in FIG. 6), thereby returning contror'to step S1 . 
if the arithmetic resull is equal to or larger than the pre- 
determined value of ?i (step S8 shown in FIG. 6% then 
the threshold variable control unit 15c does not lower 
the thresholds T1 and T2 any more, thereby returning 
10 control to step S1 . 

[0069] If the currently used modulation-coding mode 
is not the mode at the maximum transmission rate (step 
S6 shown in FIG. 6), the threshold variable control unit 
15c lowers all thresholds T1 and T2 by the predeter- 
15 mined step P^y wn (step S9 shown in FIG. 6), thereby 
returning control to step S1. All thresholds T1 and T2 
are raised or lowered such that they can be spaced by 
a predetermined value of P 0 as shown in FIG. 5. 
[0070] FIG. 7 is a flowchart showing another example 
20 of the variable control of the threshold for use In switch- 
ing modulation-coding modes by the threshold variable 
control unit 15c shown in FIG. 4. The variable control of 
the threshold for use in switching modulation-coding 
modes by the threshold variable control unit 15c is de- 
25 scribed below by referring to FIGS. 4 and 7. 

[0071] Upon receipt of a reception error notification 
from the mobile station 2, the threshold variable control 
unit 15c raises all thresholds TT and T2 by the prede- 
termined step P^ (step S14 shown in FIG. 7) if the de- 
30 termination result of the transmission block is an 'error* 
(step S1 1 shown In FIG. 7), and the currently used mod- 

ulation?coding_mode_is^not_a mode at the minimum 

transmission rate (step S12 shown in FIG. 7), or If, al- 
though the currently used modulation-coding mode is a 
35 mode at the minimum transmission rate (step S12 
shown in FIG. 7), the upper limit threshold of the mode 
is lower than a predetermined value (step S1 3 shown in 
FIG. 7), thereby returning control to step S1 1 . 
[0072] If the currently used modulation -coding mode 
40 \s a mode at the minimum transmission rate (step S12 
shown in FIG. 7), and the upper limit threshold is equal 
to or larger than the predetermined value (step S13 
shown in FIG. 7), then the threshold variable control unit 
15c does not raise the thresholds T1 and T2 any more, 
45 thereby returning control to step S11 . 

[0073] On the other hand, the threshold variable con- 
trol unit 15c lowers all thresholds T1 and T2 by the pre- 
determined step P^^ (step S1 7 shown in FIG. 7) if the 
determination result of the transmission block is not an 
so 'error 1 (step S1 1 shown in FIG. 7), and the currently used 
modulation-coding mode is not a mode at the maximum 
transmission rate (step S15 shown in FIG. 7), or if, al- 
though the currently used modulation-coding mode is a 
mode at the maximum transmission rate (step S15 
55 shown in FIG. 7), the lower limit threshold of the mode 
is higher than a predetermined value (step S16 shown 
in FIG. 7), thereby returning control to step S11 . 
[0074] If the currently used modulation-coding mode 
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is a mode at the maximum transmission rate (step S15 
shown in FIG. 7), and the lower limit threshold of the 
mode at the maximum transmission rate is equal to or 
smaller than the predetermined value (step S1 6 shown 
In FIG. 7), then the threshold variable control unit 15c 
does not lower the thresholds T1 and T2 any more, 
thereby returning control to step S11 . 
[0075] Thus, since the base station 1 variably controls 
the thresholds T1 and T2 depending on the presence/ 
absence of error occurrence of an information block, the 
modulation-coding modes MCS#1, MCS#2, and 
MCS#3 can be switched depending on the change of 
the link quality (the reception quality of a common pilot 
signal (CPICH) according to the present embodiment). 
[0076] Furthermore, since the base station 1 variably 
controls all thresholds T1 and T2 simultaneously, the up- 
per limit threshold of the currently used modulation-cod- 
ing mode is lowered if acceptable link quality can be ob- 
tained for the currently used modulation-coding mode 
MCS#1 , MCS#2, MCS#3 although thechange of the link 
quality is small, thereby successfully transferring to a 
modulation-coding mode one levef higher than the cur- 
rently used mode. As a result, a modulation-coding 
mode at the highest possible speed can be constantly 
selected. 

[0077] Furthermore, when a determination error oc- 
curs in a block, the modulation-coding mode one level 
lower than the currently used mode can be immediately 
entered because P up is larger than P down . Therefore, al- 
though the link quality is lowered, continuous block er- 
rors can be prevented, thereby enhancing the through- 
put of the system. 

[0078] In addition, since the width (Pdo Wn and P up ) of 
the variable control of the threshold is set based on the 
target block error rate in the base station 1 , the target 
block error rate can be attained. 
[0079] Therefore, since a threshold for use in quickly 
switching modulation-coding modes can be set depend- 
ing on the link condition according to the first embodi- 
ment of the present invention, the optimum threshold for 
use in selecting a modulation-coding mode can be eas- 
ily set depending on the link condition. 
[0080] According to the present embodiment, there 
are three modulation-coding modes. However, the 
number is not limited to three. That is, there also can be 
four or more modulation-coding modes. In this case, an 
optional mode can be set as a mode at the minimum 
transmission rate or the maximum transmission rate. 
[0081] Furthermore, the variable control of a thresh- 
old can also be set at an instruction of the mobile station 
2. In this case, the threshold variable control unit 1 5c for 
variably controlling a threshold depending on the pres- 
ence/absence of the occurrence of a reception error of 
an information block is provided in the mobile station 2, 
and an instruction to raise/lower the threshold level is to 
be transmitted from the mobile station 2 to the base sta- 
tion 1 . 

[0082] It is also possible to raise a threshold when the 



reception error occurs n times (n is an integer equal to 
or larger than 1), and lower it when no reception error 
occurs continuously m times (m is an integer, and n < m). 
[0083] FIG. 8 is a block diagram of the configuration 
s of the modulation-coding mode switch selection unit ac- 
cording to the second embodiment of the present inven- 
tion. In FIG. 8, the second embodiment of the present 
invention is configured by providing a block error rate 
measurement unit 15d for the modulation-coding mode 
10 switch selection unit 15 shown in FIG. 4. That is, the 
modulation-coding mode switch selection unit 15 com- 
prises the selection control unit 15a, the threshold table 
15b, the threshold variable control unit 15c, and the 
block error rate measurement unit 15d. 
15 [0084] The block error rate measurement unit 15d 
measures the reception error rate of information blocks 
in a preset time based on the contents of the reception 
error notification from the mobile station 2 separated by 
the user information-control information separation unit 
20 1 4, and transmits the reception error rate to the thresh- 
old variable control unit 15c. 

[0085] The threshold variable control unit 1 5c variably 
controls a plurality of thresholds stored in the threshold 
table 15b based on the reception error rate from the 
25 block error rate measurement unit 15d. That is, the 
threshold variable control unit 15c raises the threshold 
level by a predetermined value of P up dB if the block 
error rate in the predetermined measurement period is 
higher than a target block error rate, and lowers the 
30 threshold level by a predetermined value of P^^ dB if 
the block-error rate-in the predetermined measurement 
period is lower than the target block error rate. In this 
case, the threshold variable control unit 15c simultane- 
ously raises/lowers all thresholds corresponding to the 
35 modulation-coding modes. 

[0086] Although not shown in the attached drawings, 
the second embodiment according to the present inven- 
tion is configured as in the mobile communications sys- 
tem shown in FIG. 1, and has the same configurations 
40 of the base station 1 according to the first embodiment 
of the present invention shown in FIG. 2 and the mobile 
station 2 according to the first embodiment of the 
present invention shown in FIG. 3. Therefore, the de- 
scriptions of them are omitted here. 
45 [0087] FIG. 9 shows the variable control of the thresh- 
old for use in switching modulation-coding modes by the 
modulation-coding mode switch selection unit 1 5 shown 
in FIG. 8. FIG. 10 is a flowchart of the variable control 
of the threshold for use in switching modulation-coding 
so modes by the modulation-coding mode switch selection 
unit 15 shown in FIG. 8. The variable control of the 
threshold for use in switching modulation-coding modes 
by the modulation-coding mode switch selection unit 1 5 
is described below by referring to FIGS. 8 to 10. In the 
55 following explanation, the threshold is represented by 
T1 and T2, the modulation-coding mode by MCS#1, 
MCS#2, and MCS#3. These modulation-coding modes 
MCS#1, MCS#2, and MCS#3 respectively correspond 
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to the above mentioned QPSK with R=1/2, 16QAM with 
R=3/4, and 64QAM with R=3/4. 
[0088] At a predetermined time (step S21 shown in 
FIG. 10), the block error rate measurement unit 15d of 
the modulation-coding mode switch selection unit 15 
computes the reception error rate of information blocks 
in the predetermined time (step S22 shown in FIG. 10). 
[0089] If the reception error rate computed by the 
block error rate measurement unit 1 5d is equal to or larg- 
er than a predeterminedvalue (step S23 shown in FIG. 
10), then the threshold variable control unit 15c corrv 
putes the difference between the reception quality 
measured by the reception quality measurement unit 28 
of the mobile station 2 and the upper limit threshold T1 
of the currently used modulation-coding mode (step S25 
shown in FIG. 1 0) when the currently used modulation- 
coding mode is a mode at the minimum transmission 
rate (step S24 shown in FIG. 10). 
[0090] If the arithmetic result is smaller than a prede- 
termined value of P 2 (step S26 shown in FIG. 10), the 
threshold variable control unit 15c raises all thresholds 
T1 and T2 by a predetermined step P up (step S27 shown 
in FIG. 10), thereby returning control to step S21 . If the 
arithmetic result is equal to or larger than the predeter- 
mined value of P 2 (step S26 shown in FIG. 1 0), then the 
thresholds T1 and T2 are not raised any more, thereby 
returning control to step S21 . 

[0091] If the currently used modulation-coding mode 
is not the mode at the minimum transmission rate (step 
S24 shown in FIG. 10), the threshold variable control 
unit 15c raises all thresholds T1 and T2 by the prede- 
_ termined step_Pup (step S27 shown in FIG. 10), thereby, 
returning control to step S21 . 

[0092] On the other hand, if the reception error rate 
computed by the block error rate measurement unit 1 5d 
is smaller than a predetermined value (step S23 shown 
in FIG. 10), then the threshold variable control unit 15c 
computes (in step S29 shown in FIG. 10) the difference 
between the reception quality measured by the recep- 
tion quality measurement unit 28 of the mobile station 2 
and the lower limit threshold T2 of the currently used 
modulation-coding mode when the currently used mod- 
ulation-coding mode is a mode at the maximum trans- 
mission rate (step S28 shown in FIG. 10). 
[0093] If the arithmetic result is smaller than a prede- 
termined value of Pi (step S30 shown in FIG. 10), the 
threshold variable control unit 15c lowers all thresholds 
T1 and T2 by a predetermined step P^n (step S31 
shown in FIG. 10), thereby returning control to step S21 . 
If the arithmetic result is equal to or larger than the pre- 
determined value of P 1 (step S30 shown in FIG. 10), 
then the threshold variable control unit 1 5c does not low- 
er the thresholds T1 and T2 any more, thereby returning 
control to step S21 . 

[0094] If the currently used modulation-coding mode 
is not the mode at the maximum transmission rate (step 
S28 shown in FIG. 10), the threshold variable control 
unit 15c lowers all thresholds T1 and T2 by the prede- 



termined step Pdown (step S31 shown in FIG. 10), there- 
by returning control to step S21 . All thresholds T1 and 
T2 are raised or lowered such that they can be spaced 
by a predetermined value of P 0 as shown in FIG. 9. Ad- 
5 ditlonally, assuming that the value when the threshold 
level is lowered is P down , and the value when the thresh- 
old level is raised is P up , the values are expressed by 

[0095] FIG. 1 1 is a flowchart showing another exam- 
io pie of the variable control of the threshold for use in 
switching modulation-coding modes by the modulation- 
coding mode switch selection unit 15 shown in FIG. 8. 
Another example of the variable control of the threshold 
for use in switching modulation-coding modes by the 
15 modulation-coding mode switch selection unit 1 5 is de- 
scribed below by referring to FIGS. 8 and 11 . 
[0096] At a predetermined time (step S41 shown in 
FIG. 11), the block error rate measurement unit 15d of 
the modulation-coding mode switch selection unit 15 
20 computes the reception error rate of information blocks 
in the predetermined time (step S42 shown in FIG. 11). 
[0097] The threshold variable control unit 15c raises 
all thresholds T1 and T2 by a predetermined step P up 
(step S46 shown in FIG. 11) when the reception error 
25 rate computed by the block error rate measurement unit 
1 5d is equal to or larger than a predetermined value (N Tr 
^ N) (step S43 shown in FIG. 11), and if the currently 
used modulation-coding mode is not a mode at the min- 
imum transmission rate (step S44 shown in FIG. 1 1 ), or 
30 if, although the currently used modulation-coding mode 
is a mode at the minimum transmission rate (step S44 

shown in FIG. 11), the upper limit threshold of the mode 

is lower than a predetermined value (step S45 shown in 
FIG. 11 ), thereby returning control to step S41 . 
35 [0098] If the currently used modulation-coding mode 
is a mode at the minimum transmission rate (step S44 
shown in FIG. 11), and the upper limit threshold of the 
mode is equal to or larger than a predetermined value 
(step S45 shown in FIG. 11 ), then the threshold variable 
40 control unit 1 5c does not raise the thresholds T1 and T2 
any more, thereby returning control to step S41 . 
[0099] The threshold variable control unit 1 5c lowers 
all thresholds T1 and T2 by a predetermined step P^ n 
(step S49 shown in FIG. 11) when the reception error 
45 rate computed by the block error rate measurement unit 
15d is smaller than a predetermined value (N Tr > N) 
(step S43 shown in FIG. 11), and if the currently used 
modulation-coding mode is not a mode at the maximum 
transmission rate (step S47 shown in FIG. 1 1 ), or if, al- 
so though the currently used modulation-coding mode is a 
mode at the maximum transmission rate (step S47 
shown in FIG. 11), the lower limit threshold of the mode 
is higher than a predetermined value (step S48 shown 
in FIG. 11 ), thereby returning control to step S41. 
55 [0100] If the currently used modulation-coding mode 
is a mode at the maximum transmission rate (step S47 
shown in FIG. 11), and the lower limit threshold of the 
mode is equal to or smaller than a predetermined value 
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(step S48 shown in FIG. 11 ), then the threshold variable 
control unit 15c does not lower the thresholds T1 and 
T2 any more, thereby returning control to step S41 . 
[0101] Thus, since the base station 1 variably controls 
the thresholds T1 and T2 depending on the reception 
error rate, the modulation-coding modes MCS#1, 
MCS#2, and MCS#3 can be switched depending on the 
change of the link quality (the reception quality of a com- 
mon pilot signal(CPICH) according to the second em- 
bodiment). Therefore, the target block error rate can be 
satisfied, and the highest possible modulation-coding 
mode can be constantly selected. 
[0102] According to the second embodiment, there 
are three modulation -coding modes. However, the 
number is not limited to three. That is, there also can be 
four or more modulation -coding modes. In this case, an 
optional mode can be set as a mode at the minimum 
transmission rate or the maximum transmission rate. 
[0103] Furthermore, the variable control of a thresh- 
old can also be set at an instruction of the mobile station 
2. In this case, the threshold variable control unit 15c for 
variably controlling a threshold depending on the recep- 
tion error rate of information blocks is provided in the 
mobile station 2, and an instruction to raise/lower the 
threshold level is to be transmitted from the mobile sta- 
tion 2 to the base station 1 . 

[0104] FIG. 12 is a block diagram of the configuration 
of the base station according to the third embodiment of 
the present invention. In FIG. 12, the third embodiment 
of the present invention has the same configuration as 
the base station l according to the first-embodiment of 
~the present invention shown in FIG. 2 except that a mod- 
ulation-coding mode switch selection unit 41 having the 
function of measuring transmission power of an individ- 
ual signal of a DPCH(DL) from the duplexer 12 is pro- 
vided for a base station 4, and the same component is 
assigned the same reference numeral. The operation of 
the same component is the same as according to the 
first embodiment. 

[0105] The modulation-coding mode switch selection 
unit 41 measures the transmission power of the individ- 
ual signal transmitted from the base station 4 to the mo- 
bile station 2, determines which modulation-coding 
mode is to be selected based on the measurement re- 
sult, and transmits a switch instruction into the modula- 
tion-coding mode to the control unit 1 6 and the modula- 
tion^coding unit 17. 

[0106] FIG. 13 is a block diagram of the configuration 
of the modulation-coding mode switch selection unit 41 
shown in FIG. 12. In FIG. 13, the modulation-coding 
mode switch selection unit 41 comprises a selection 
control unit 41 a, a threshold table 41 b, a threshold var- 
iable control unit 41c, and a transmission power detec- 
tion unit 41 d. 

[0107] The transmission power detection unit 41 d 
measures the transmission power of the individual sig- 
nal to the mobile station 2, and notifies the selection con- 
trol unit 41a and the threshold variable control unit 41c 



of the measurement result. The selection control unit 
41 a compares the measurement result of the transmis- 
sion power detection unit 41 d with a plurality of thresh- 
olds stored in the threshold table 41 b, determines which 
s modulation-coding mode is to be selected, and outputs 
the determined contents as a switch instruction. In this 
case, the selection control unit 41 a specifies 'no change' 
if the selected modulation-coding mode is the same as 
in the previous process. 
10 [0108] The threshold variable control unit 41c variably 
controls a plurality of thresholds stored in the threshold 
table 41b based on the contents of the reception error 
notification from the mobile station 2 separated by the 
user information-control information separation unit 14. 
15 That is, the threshold variable control unit 41c lowers 
the threshold level of the range of the link quality corre- 
sponding to the currently used modulation-coding mode 
by a predetermined value of P down dB when the infor- 
mation block is successfully received at the mobile 
20 staion2, and raises the above mentioned threshold level 
by a predetermined value of P up dB when the informa- 
tion block is not successfully received a predetermined 
number of times. In this case, the threshold variable con- 
trol unit 41 c simultaneously raises and lowers all thresh- 
25 olds corresponding to the modulation-coding modes. 
[0109] Although not shown in the attached drawings, 
the third embodiment of the present invention has the 
same configuration as the mobile communications sys- 
tem shown in FIG. 1 , and the same configuration as the 
30 mobile station 2 according to the first embodiment of the 
present invention shown in FIG.37 Therefore, the expla- 

nation of them is-omitted-herer — — — — 

[0110] FIG. 14 shows the variable control of the 
threshold for use In switching modulation-coding modes 
35 by the threshold variable control unit 41c shown in FIG. 
13. FIG. 15 is a flowchart of the variable control of the 
threshold for use in switching modulation-coding modes 
by the threshold variable control unit 41c shown in FIG. 
1 3. The operation of the variable control of the threshold 
40 for use in switching modulation-coding modes by the 
threshold variable control unit 41c is described below by 
referring to FIGS. 1 3 to 15. In the following explanation, 
the threshold is represented by T1 and T2, the modula- 
tion-coding mode by MCS#1, MCS#2, and MCS#3. 
45 These modulation -coding modes MCS#1 , MCS#2, and 
MCS#3 respectively correspond to the above men- 
tioned QPSK with R= 1/2, 16QAM with R=3/4, and 
64QAM with R=3/4. 

[0111] Upon receipt of the reception error notification 
so from the mobile station 2, the threshold variable control 
unit 41c computes (in step S53 shown in FIG. 15) the 
difference between the transmission power which is the 
transmission power of the individual signal transmitted 
to the mobile station 2 and which is detected by the 
55 transmission power detection unit 41 d and the upper 
limit threshold (for example, the upper limit threshold T1 
of the modulation-coding mode MCS#1 ) of the currently 
used modulation-coding mode when the currently used 
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modulation-coding mode is the mode at the minimum 
transmission rate (step S52 shown in FIG. 15) if the de- 
termination result of the transmission block is an 'error* 
(step S51 shown in FIG. 15). 

[01 12] if the arithmetic result Is smaller than a prede- 
termined value of P 2 (step S54 shown in FIG. 15), the 
threshold variable control unit 41c raises all thresholds 
T1 and T2 by a predetermined step P up (step S55 shown 
in FIG. 1 5), thereby returning control to step S51 . If the 
arithmetic result is equal to or larger than the predeter- 
mined value of P 2 (step S54 shown in FIG. 15), then the 
threshold variable control unit 41 c does not raise thresh- 
olds T1 and T2 any more, thereby returning control to 
step S51 . 

[0113] If the currently used modulation-coding mode 
is not the mode at the minimum transmission rate (step 
S52 shown in FIG. 15), the threshold variable control 
unit 41c raises ail thresholds T1 and T2 by the prede- 
termined step (step S55 shown in FIG. 15), thereby 
returning control to step S51 . 

[0114] On the other hand, if the determination result 
of the transmission block is not an 'error 1 (step S51 
shown in FIG. 15), then the threshold variable control 
unit 41c computes (in step S57 shown in FIG. 15) the 
difference between the transmission power of the indi- 
vidual signal detected by the transmission power detec- 
tion unit 41 d and transmitted to the mobile station 2 and 
the lower limit threshold (for example, the lower limit 
threshold T2 of the modulation-coding mode MCS#3) of 
the currently used modulation-coding mode when the 
currently used modulation-coding mode is the mode at 
_Jhe maximum-transmission rate (step_S56_shown in FIG._ 
15). 

[01 1 5] If the arithmetic result is smaller than a prede- 
termined value of P 1 (step S58 shown in FIG. 15), the 
threshold variable control unit 41c lowers all thresholds 
T1 and T2 by a predetermined step (step S59 

shown in FIG. 1 5), thereby returning control to step S51 . 
If the arithmetic result is equal to or larger than the pre- 
determined value of P., (step S58 shown in FIG. 15), 
then the threshold variable control unit 41 c does not low- 
er the thresholds T1 and T2 any more, thereby returning 
control to step S51 . 

[0116] If the currently used modulation-coding mode 
is not a mode at the maximum transmission rate (step 
S56 shown in FIG. 15), the threshold variable control 
unit 41c lowers ail thresholds T1 and T2 by the prede- 
termined step P down (step S59 shown in FIG. 1 5), there- 
by returning control to step S51. All thresholds T1 and 
T2 are raised or lowered such that they can be spaced 
by a predetermined value of P 0 as shown in FJG. 14. 
[0117] Therefore, since a threshold for use in quickly 
switching modulation-coding modes can be set depend- 
ing on the link condition according to the third embodi- 
ment of the present invention, the optimum threshold for 
use in selecting a modulation-coding mode can be eas- 
ily set depending on the link condition. 
[0118] If the transmission power of an individual sig- 



nal(DPCH) is used in estimating the link quality, a larger 
difference from the actual link quality is output. However, 
according to the third embodiment, a threshold fluctu- 
ates by the difference from the actual link quality. There- 
5 for, the difference generates no mis-selection of a mod- 
ulation-coding mode, thereby quickly switching the 
modulation-coding mode depending on the link condi- 
tion. 

[0119] Furthermore, when a determination error oc- 
10 curs in a data block, the modulation-coding mode one 
level lower than the currently used mode can be imme- 
diately entered because P^ is larger than P^wn- There- 
fore, although the link quality is lowered, continuous 
block errors can be prevented, thereby enhancing the 
15 throughput of the system. 

[0120] According to the third embodiment, there are 
three modulation-coding modes. However, the number 
is not limited to three. That is, there also can be four or 
more modulation-coding modes. In this case, an option- 
20 al mode can be set as a mode at the minimum transmis- 
sion rate or the maximum transmission rate. 
[0121] Although not shown in the attached drawings, 
the third embodiment can perform the same control as 
the variable control of a threshold for use in switching 
25 modulation-coding modes shown in FIG. 7, and can also 
perform the control using the block error rate according 
to the second embodiment of the present invention. 
[0122] It is also possible to raise a threshold when oc- 
currence of a reception error is detected n times (n in* 
30 dicates an integer equal to or larger than 1 ), and lower 
the. threshold when occurrence of a reception error is 

not detected m.times,(mJndicates an integer expressed 

by n < m) continuously. 

[0123] FIG. 16 shows the variable control of a thresh- 
35 old in the threshold variable control unit according to the 
fourth embodiment of the present invention. FIG. 17 is 
a flowchart of variable control of a threshold in the 
threshold variable control unit according to the fourth 
embodiment of the present invention. The variable con- 
40 trol of a threshold for use in switching modulation-coding 
modes in the threshold variable control unit according 
to the fourth embodiment of the present invention is de- 
scribed below by referring to FIGS. 16 and 17. In the 
following explanation, the threshold is represented by 
45 T1 and T2, the modulation-coding mode by MCS#1, 
MCS#2, and MCS#3. These modulation-coding modes 
MCS#1 , MCS#2, and MCS#3 respectively correspond 
to the above mentioned QPSK with R=1/2, 1 6QAM with 
R=3/4, and 64QAM with R=3/4. 
so [0124] Although not shown in the attached drawings, 
the fourth embodiment of the present invention has the 
same configuration as the mobile communications sys- 
tem shown in FIG. 1 , and has the same configurations 
as the base station 1 according to trie first embodiment 
55 of the present invention shown in FIG. 2, the mobile sta- 
tion 2 according to the first embodiment of the present 
invention shown in FIG. 3, and the modulation-coding 
mode switch selection unit 15 according to the first em- 
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bodiment of the present invention shown in FIG. 4. 
Therefore, the explanation of them is omitted here. 
[0125] Upon receipt of a reception error notification 
from the mobile station 2, the threshold variable control 
unit 15c of the modulation-coding mode switch selection 
unit 15 raises the lower limit threshold of the currently 
used modulation-coding mode (for example, the lower 
limit threshold T1 of the modulation-coding mode 
MCS#2) by a predetermined step P up (step S63 shown 
in FIG. 17) if the determination result of a transmission 
block is an •error' (step S61 shown in FIG. 17), and the 
currently used modulation-coding mode is not a mode 
at the minimum transmission rate (step S62 shown in 
FIG. 17). 

[01 26J At this time, the threshold variable control unit 
15c raises the upper limit threshold of the currently used 
modulation-coding mode by the predetermined step P up 
(step S65 shown in FIG. 17) if the difference between 
the lower limit threshold and the upper limit threshold 
(upper limit threshold T2) of the currently used modula- 
tion-coding mode is equal to or lower than the minimum 
difference (T 12mln shown in FIG. 1 6) (step S64 shown in 
FIG. 1 7), thereby returning control to step S61 , 
[0127] If the currently used modulation-coding mode 
is a mode at the minimum transmission rate (step S62 
shown in FIG. 17), or the difference between the lower 
limit threshold and the upper limit threshold of the cur- 
rently used modulation-coding mode is higher than the 
minimum difference (step S64 shown in FIG. 17), then 
the threshold variable control unit 1 5c does not raise the 
threshold T1vT2 any rnore,retuming contralto step S61 7 
—[0128] — On the other handHf the determination result 
is not an 'error* (step S61 shown in FIG. 1 7) and the cur- 
rently used modulation-coding mode is not a mode at 
the maximum transmission rate (step S66 shown in FIG. 
17), then the threshold variable control unit 15c lowers 
the upper limit threshold (for example, the upper limit 
threshold T2 of the modulation-coding mode MCS#2) of 
the currently used modulation-coding mode by a prede- 
termined step Pcown (step S67 shown in FIG. 17). 
[0129] Also in this case, the threshold variable control 
unit 1 5c lowers the lower limit threshold of the currently 
used modulation-coding mode by the predetermined 
step P down (step S69 shown in FIG. 1 7) if the difference 
between the lower limit threshold (lower limit threshold 
T1) and the upper limit threshold of the currently used 
modulation-coding mode is equal to or lower than the 
minimum difference (T 12mln shown in FIG. 16) (step S68 
shown in FIG. 1 7), thereby returning control to step S61 . 
[0130] If the currently used modulation-coding mode 
is a mode at the maximum transmission rate (step S66 
shown in FIG. 17), or the difference between the lower 
limit threshold and the upper limit threshold of the cur- 
rently used modulation-coding mode is higher than the 
minimum difference (step S68 shown in FIG. 17), then 
the threshold variable control unit 15c does not lower 
the threshold T1 , T2 any more, returning control to step 
S61. 



[0131] Thus, since the thresholds T1 and T2 are var- 
iably controlled depending on the presence/absence of 
the occurrence of an error of an information block, the 
modulation-coding modes MCS#1, MCS&2, and 
* MCS#3 can be switched depending on the change of 
the link quality (the reception quality of a common pilot 
signal(CPICH) according to the fourth embodiment). 
[0132] Since each of the thresholds T1 and T2 is var- 
iably controlled independently, the optimum modulation- 
10 coding mode can be quickly selected after a change of 
the link condition. 

[0133] In addition, since the width (Pa own and P up ) of 
the variable control of the threshold is set based on the 
target block error rate in the base station 1 , the target 
is block error rate can be attained. 

[0134] Therefore, since a threshold for use in quickly 
switching modulation-coding modes can be set depend- 
ing on the link condition according to the fourth embod- 
iment of the present invention, the optimum threshold 
20 for use in selecting a modulation-coding mode can be 
easily set depending on the link condition. 
[0135] According to the fourth embodiment, there are 
three modulation-coding modes. However, the number 
is not limited to three. That is, there also can be four or 
25 more modulation-coding modes. Furthermore, the vari- 
able control of a threshold can also be set at an instruc- 
tion of the mobile station 2. In this case, the threshold 
variable control unit 15c for variably controlling a thresh- 
old depending on the presence/absence of the occur- 
30 rence of a reception error of an information block is pro- 

vided in the mobile station 2 r and an instruction to raise/ 

lower the threshold level is to be transmitted from the 

mobile station 2 to the base station 1 . 
[0136] Furthermore, although the reception quality of 
35 a common pilot signal is used for measuring the link 
quality according to the fourth embodiment, the value 
based on the transmission power of an individual signal 
controlled by the high-speed closed loop transmission 
power control can also be used as link quality as in the 
40 third embodiment of the present invention. 

[0137] It is also possible to raise a threshold when the 
reception error occurs n times (n is an integer equal to 
or larger than 1), and lower it when no reception error 
occurs continuously m times (m is an integer, and n < m). 
45 [0138] FIG. 1 8 shows the variable control of a thresh- 
old in the threshold variable control unit according to the 
fifth embodiment of the present invention. FIG. 19 is a 
flowchart of the variable control of a threshold in the 
threshold variable control unit according to the fifth em- 
50 bodiment of the present invention. The variable control 
of a threshold for use in switching modulation-coding 
modes in the threshold variable control unit according 
to the fifth embodiment of the present invention is de- 
scribed below by referring to FIGS. 18 and 19. 
55 [0139] In the following explanation, the threshold is 
represented by T1 and T2, the modulation-coding mode 
by MCS#1 , MCS#2, and MCS#3. These modulation- 
coding modes MCS#1 , MCS#2, and MCS#3 respective- 
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ly correspond to the above mentioned QPSK with 
R=1/2, 1 6QAM with R=3/4, and 64QAM with R=3/4. The 
information bit rates for transmission in the respective 
modulation-coding modes are 1200 kbps, 500 kbps, and 
150 kbps. 

[0140] Although not shown in the attached drawings, 
the fifth embodiment of the present invention has the 
same configuration as the mobile communications sys- 
tem shown in FIG. 1, and has the same configurations 
as the base station 1 according to the first embodiment 
of the present invention shown in FIG. 2, thejnobile sta- 
tion 2 according to the first embodiment of the present 
invention shown in FIG. 3, and the modulation-coding 
mode switch selection unit 15 according to the first em- 
bodiment of the present invention shown in FIG. 4. 
Therefore, the explanation of them is omitted here. 
[0141] Upon receipt of a reception error notification 
from the mobile station 2, the threshold variable control 
unit 1 5c of the modulation-coding mode switch selection 
unit 15 counts the transmission frequency RT (the 
number of times of the transmission of a transmission 
block) until it is determined that the transmission block 
has been correctly transmitted or until the transmission 
frequency RT reaches a predetermined maximum re- 
transmission frequency (step S71 shown in FIG. 19). 
[0142] If the currently used modulation-coding mode 
is not a mode at the minimum transmission rate (step 
S72 shown in FIG. 1 9), then the lower limit threshold (for 
example, the lower limit threshold T1 of the modulation- 
coding mode MCS#2) of the currently usedmodulation- 
codingmode in determining the modulation-coding 
modeJor-transmission.of-the next blockJs.lowered by_a_ 
corresponding value [step size S(RT) corresponding to 
the transmission frequency RT] in the step size table 
(step S73 shown in FIG. 19). 

[01 43] At this time, the value of the step size table is 
set smaller with a higher transmission frequency RT. In 
addition, assuming that the ratio of the information bit 
rate BR1 in the currently used modulation-coding mode 
to the information bit rate BR2 in the modulation-coding 
mode one level lower than the currently used mode is 
ABR = BR1/BR2, the step size corresponding to the RT 
whose transmission frequency RT is expressed by 
RT>ABR is set to a negative value. That is, in this case, 
the lower limit threshold of the currently used modula- 
tion-coding mode is raised by an absolute value of the 
corresponding step size. 

[0144] With the above mentioned control, according 
to the fifth embodiment of the present invention, a 
threshold for use in switching modulation-coding modes 
can be quickly set depending on the link condition. 
Therefore, the optimum threshold for use in switching 
modulation-coding modes can be easily set depending 
on the link condition. 

[0145] Furthermore, according to the fifth embodi- 
ment, the optimum threshold can be set such that a high- 
speed transmission can be realized including a block re- 
transmission time by controlling the threshold depend- 



ing on the transmission frequency until a block can be 
successfully received at the mobile station 2 and the in- 
formation bit rate change ratio obtained by lowering the 
modulation-coding mode level by one. 
5 [0146] According to the fifth embodiment, there are 
three modulation-coding modes. However, the number 
is not limited to three. That is, there also can be four or 
more modulation-coding modes. Furthermore, the vari- 
able control of a threshold can also be set at an instruc- 
ts tion of the mobile station 2. In this case, the threshold 
variable control unit 1 5c for variably controlling a thresh- 
old depending on the presence/absence of the occur- 
rence of a reception error of an information block is pro- 
vided in the mobile station 2, and an instruction to raise/ 
15 lower the threshold level is to be transmitted from the 
mobile station 2 to the base station 1 . 
[0147] Furthermore, although the reception quality of 
a common pilot signal(CPICH) is used for measuring the 
link quality according to the fifth embodiment, the value 
20 based on the transmission power of an individual signal 
(DPCH) controlled by the high-speed closed loop trans- 
mission power control can also be used as link quality 
as in the third embodiment of the present invention. 
[0148] FIG. 20 shows the variable control of a thresh- 
es old in the threshold variable control unit according to the 
sixth embodiment of the present invention. FIGS. 21 and 
22 are flowcharts of the variable control of a threshold 
in the threshold variable control unit according to the 
sixth embodiment of the present invention. The variable 
30 control of a threshold for use in switching modulation- 
coding modes in the threshold variable control unit ac- 

cording to.the.sixth embodiment of the present invention 

is described below by referring to FIGS. 20 to 22. 
[0149] In the following explanation, the threshold is 
35 represented by T1 and T2, the modulation-coding 
modes by MCS#1 , MCS#2, and MCS#3. These modu- 
lation-coding modes MCS#1 , MCS#2, and MCS#3 re- 
spectively correspond to the above mentioned QPSK 
with R=1/2, 1 6QAM with R=3/4 : and 64QAM with R=3/4. 
40 [0150] Although not shown in the attached drawings, 
the sixth embodiment of the present invention has the 
same configuration as the mobile communications sys- 
tem shown in FIG. 1 , and has the same configurations 
as the base station 1 according to the first embodiment 
45 of the present invention shown in FIG. 2, the mobile sta- 
tion 2 according to the first embodiment of the present 
invention shown in FIG. 3, and the modulation-coding 
mode switch selection unit 15 according to the first em- 
bodiment of the present invention shown In FIG. 4. 
so Therefore, the explanation of them is omitted here. 
[0151] Upon receipt of a reception error notification 
from the mobile station 2, the threshold variable control 
unit 1 5c of the modulation-coding mode switch selection 
unit 15 computes the provisional step size AP' up from 
55 the difference AP up between the link quality and the low- 
er limit threshold of the currently used modulation-cod- 
ing mode by the following equation© (step S83 shown 
in FIG. 21) if the determination result of a transmission 
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block is an 'error 1 (step S81 shown in FIG. 21), and the 
currently used modulation-coding mode is not a mode 
at the minimum transmission rate (step S82 shown in 
FIG. 21). 



AP' up =k*AP up 



0 



where k indicates a predetermined constant. 
[0152] If the computed AP' up is smaller than a prede- 
termined minimum step size AP um(n (step S84 shown in 
FIG. 21), then the lower limit threshold is raised by AP 
= A p umin (step S85 shown in FIG. 21). If the computed 
AP'yp is larger than the predetermined minimum step 
size AP UfT1 j n (step S84 shown in FIG. 21 ), then the lower 
limit threshold is raised by AP = AP* up (step S86 shown 
in FtG.21). 

[0153] Assuming that a predetermined minimum in- 
crease step size is U m | n , the difference between the cur- 
rent link quality and the lower limit threshold of the cur- 
rently used modulation-coding mode is AQ, and the co- 
efficient from 0 to 1 is r2, then the step size in the above 
mentioned control can be computed by the following 
equation© . 

AUp = max [U mtn , r2 • AQ] @ 



[0154] In this case, the steps S83 and S84 are ex- 
pressed by one equation. In steps S85 and S86, the low- 
er limit threshold is raised by the value of AUp obtained 
by the equation© . 

[01 55] At this time, the threshold variable control unit 
15c raises the upper limit threshold of the currently used 
modulation-coding mode by the predetermined step AP 
(= AUP) (step S88 shown in FIG. 21) if the difference 
between the lower limit threshold and the upper limit 
threshold of the currently used modulation-coding mode 
is equal to or lower than the minimum difference (a pre- 
determined value of APjnHstep S87 shown in FIG. 21 ), 
thereby returning control to step S61 . 
[0156] If the currently used modulation-coding mode 
is a mode at the minimum transmission rate (step S82 
shown in FIG. 21 ), or the difference between the lower 
limit threshold and the upper limit threshold of the cur- 
rently used modulation-coding mode is higher than the 
minimum difference (step S87 shown in FIG. 21), then 
the threshold variable control unit 15c does not raise the 
thresholds T1 and T2 any more, returning control to step 
S81. 

[0157] On the other hand, the threshold variable con- 
trol unit 15c computes the provisional step size AP' down 
from the difference AP^^ between the link quality and 
the upper limit threshold of the currently used modula- 
tion-coding mode by the following equation® (step S90 
shown in FIG. 22) if the determination result of a trans- 
mission block is not an 'error' (step S81 shown in FIG. 
21), and the currently used modulation-coding mode is 



not a mode at the maximum transmission rate <step S89 
shown in FJG. 22). 

5 AP'down^Pdown ® 

where k indicates a predetermined constant. 
[0158] If the computed AP 1 ^ is smaller than a pre- 
determined minimum step size AP dm | n (step S91 shown 

io in FIG. 22), then the upper limit threshold is lowered by 
AP = AP f dni , n {step S92 shown in FIG. 22). If the com- 
puted APdown is larger than the predetermined minimum 
step size AP dmh (step S91 shown in FIG. 22), then the 
upper limit threshold is lowered by AP > AP dmln <step 

15 S93 shown in FIG. 22). 

[0159] Assuming that a predetermined minimum de- 
crease step size is D m | n , the difference between the cur- 
rent link quality and the upper limit threshold of the cur- 
rently used modulation-coding mode is AO, and the co- 
20 efficient from 0 to 1 is r1 , then the step size in the above 
mentioned control can be computed by the following 
equation®. 



25 



ADown = max [D mln , r1 ■ AQ] ® 



[0160] In this case, the steps S90 and S91 are ex- 
pressed by one equation. In steps S92 and S93, the up- 
per limit threshold is lowered by the value of ADown ob- 
30 tained by the equation® . 

[0161] At this time, the threshold variable control unit 
1 5c lowers the lower limit threshold of the currently used 
modulation-coding mode by the predetermined step AP 
(=ADown) (step S95 shown in FIG. 22) if the difference 
35 between the lower limit threshold and the upper limit 
threshold of the currently used modulation-coding mode 
is equal to or lower than the minimum difference (a pre- 
determined value of AP-n-iHstep S94 shown in FIG. 22), 
thereby returning control to step S81 . 
40 [0162] If the currently used modulation -coding mode 
is a mode at the maximum transmission rate (step S89 
shown in FIG. 22), or the difference between the lower 
limit threshold and the upper limit threshold of the cur- 
rently used modulation-coding mode is higher than the 
45 minimum difference (step S94 shown in FIG. 22), then 
the threshold variable control unit 15c does not lower 
the thresholds T1 and T2 any more, returning control to 
step S81 . 

[0163] Thus, since the base station 1 variably controls 
so the thresholds T1 and T2 depending on the presence/ 
absence of the occurrence of an error in an information 
block, the optimum modulation-coding mode can be se- 
lected depending on the change of the link condition. 
[0164] In addition, the larger the difference between 
55 the current link quality and the threshold, the larger the 
step size in changing the threshold. Therefore, the op- 
timum modulation-coding mode can be selected more 
quickly after the link condition changes. 
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[0165] Therefore, since a threshold for use in quickly 
switching modulation-coding modes can be set depend- 
ing on the link condition according to the sixth embodi- 
ment of the present invention, the optimum threshold for 
use in selecting a modulation-coding mode can be eas- 
ily set depending on the link condition. 
[0166] According to the sixth embodiment, there are 
three modulation-coding modes. However, the number 
is not limited to three. That is, there also can be four or 
more modulation-coding modes. Furthermore, the vari- 
able control of a threshold can also be set at an instruc- 
tion of the mobile station 2. In this case, the threshold 
variable control unit 15c for variably controlling a thresh- 
old depending on the presence/absence of the occur- 
rence of a reception error of an information block is pro- 
vided in the mobile station 2, and an instruction to raise/ 
lower the threshold level is to be transmitted from the 
mobile station 2 to the base station 1 . 
[0167] Furthermore, although the reception quality of 
a common pilot signal(CPICH) is usedfor measuring the 
link quality according to the sixth embodiment, the value 
based on the transmission power of an individual signal 
(DPCH) controlled by the high-speed closed loop trans- 
mission power control can also be used as link quality 
as in the third embodiment of the present invention. 
[0168] It is also possible to raise a threshold when the 
reception error occurs n times (n is an integer equal to 
or larger than 1), and lower it when no reception error 
occurs continuously m times (m is an integer, and n < m) . 
[0169] As described above, the mobile communica- 
tions system according to the present invention can se- 
lect any one of a plurality of modulation-coding modes 
used for data transmission of a unit of block between a 
base station controlled by a base station control device 
and a mobile station, and includes: measurement 
means for measuring link quality in the data transmis- 
sion; selection means for selecting one mode from the 
modulation-coding modes depending on the link quality 
measured by the measurement means; detection 
means for detecting the occurrence of a reception error 
of each block in the data transmission; and variable con- 
trol means for variably controlling a threshold used in 
selecting one mode from the modulation-coding modes 
by the selection means based on the detection result by 
the detection means. Therefore, the optimum threshold 
for use in selecting a modulation-coding mode can be 
easily set depending on the link condition. 
[0170] Furthermore, the mobile communications sys- 
tem according to the present invention has the effect of 
setting a threshold such that a high-speed transmission 
can be realized including a retransmitting time by using 
a detection result of a reception error of retransmitted 
data. 

[0171] In addition, the mobile communications sys- 
tem according to the present invention has the effect of 
more quickly setting the optimum threshold after the link 
condition has changed by changing the step size de- 
pending on the difference between the current link qual- 



ity and the threshold. 



Claims 

5 

1 . A mobile communications system capable of select- 
ing any one of a plurality of transmission/reception 
modes used for data transmission of a unit of block 
between a base station controlled by a base station 

10 control device and a mobile station, comprising: 
measurement means for measuring link quality in 
the data transmission; detection means for detect- 
ing the occurrence of a reception error of each block 
in the data transmission; selection means for select- 

15 ing one mode from said transmission/reception 
modes depending on the link quality measured by 
said measurement means; and variable control 
means for variably controlling a threshold used in 
selecting one mode from said transmission/recep- 

20 tion modes by said selection means based on the 
detection result by said detection means. 

2. The mobile communications system according to 
claim 1 , wherein 

25 said variable control means lowers the thresh- 

old by a first predetermined value when said detec- 
tion means does not detect the occurrence of a re- 
ception error, and raises the threshold by a second 
predetermined value when said detection means 

30 detects the occurrence of a reception error. 

3. The mobile communications system according to 
claim 2, wherein 

said first predetermined value is smaller than 
35 said second predetermined value. 

4. The mobile communications system according to 
claim 2, wherein 

said first predetermined value and said sec- 
40 ond predetermined value are set depending on a 
target block error rate. 

5. The mobile communications system according to 
claim 4, wherein 

45 when said block error rate is 1 /N, said second 

predetermined value is '(IM - 1) x first predetermined 
value'. 

6. The mobile communications system according to 
so claim 1 , wherein 

said variable control means variably controls 
at least one of an upper limit threshold and a lower 
limit threshold indicating the range of the currently 
used transmission/reception mode based on the 
55 detection result by said detection means. 

7. The mobile communications system according to 
claim 6, wherein 
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said variable control means variably controls 
said upper limit threshold and said lower limit 
threshold simultaneously. 

8. The mobile communications system according to s 
claim 7, wherein 

said variable control means performs variable 
control such that a difference between said upper 
limit threshold and said lower limit threshold can be 
maintained. 10 

9. The mobile communications system according to 
claim 6, wherein 

said variable control means variably controls 
each of said upper limit threshold and said lower 15 
limit threshold independently. 

10. The mobile communications system according to 
claim 9, wherein 

said variable control means variably controls 20 
said upper limit threshold when said detection 
means does not detect the occurrence of a recep- 
tion error, and variably controls said lower limit 
threshold when said detection means detects the 
occurrence of a reception error. 25 

11. The mobile communications system according to 
claim 10, wherein 

when one of said upper limit threshold and 
said lower limit threshold is variably controlled, and 30 
a difference between said upper limit threshold and 
"said lower limit threshold reaches a predetermined 
minimum difference, said variable control means 
variably controls the other threshold in the same 
way. 35 

12. The mobile communications system according to 
claim 6, wherein 

when a difference between at least one of said 
upper limit threshold and said lower limit threshold *o 
and the current link quality becomes equal to or 
larger than a predetermined difference, said varia- 
ble control means stops the variable control of the 
corresponding threshold. 

45 

13. The mobile communications system according to 
claim 1, wherein 

said variable control means raises the thresh- 
old when said detection means detects the occur- 
rence of a reception error n times (n is an integer so 
equal to or larger than 1). 

14. The mobile communications system according to 
claim 13, wherein 

said variable control means lowers the thresh- ss 
old when said detection means does not continu- 
ously detect the occurrence of a reception error m 
times (m is an integer larger than n (n < m)). 



15. The mobile communications system according to 
claim 1 , wherein 

said variable control means raises the thresh- 
old by a third predetermined value when a block er- 
ror rate in a predetermined measurement period is 
larger than a target block error rate, and lowers the 
threshold by a fourth predetermined value when a 
block error rate in the predetermined measurement 
period is smaller than the target block error rate. 

16. The mobile communications system according to 
claim 15, wherein 

said third predetermined value is equal to said 
fourth predetermined value. 

17. The mobile communications system according to 
claim 1 , wherein 

the reception quality of a common pilot signal 
measured by said mobile station is used as said link 
quality. 

18. The mobile communications system according to 
claim 1 , wherein 

a value obtained based on transmission pow- 
er of an individual signal which is transmitted from 
said base station to said mobile station, and is under 
a high-speed closed loop transmission power con- 
trol is used as said link quality. 

19. A base station which is controlled by a base station 
control device and performs the data transmission 

of data divided into blocks with a mobile station by 

using any of a plurality of transmission/reception 
modes, comprising: selection means for selecting 
one mode from said transmission/reception modes 
depending on link quality in the data transmission; 
and variable control means for variably controlling 
a threshold for use in selecting one mode from said 
transmission/reception modes by said selection 
means based on the occurrence of a reception error 
of each block in the data transmission detected by 
said mobile station. 

20. The base station according to claim 19, having the 
features of any of claims 2 to 1 8. 

21. A mobile station to which a base station controlled 
by a base station control device performs the data 
transmission of data divided into blocks by using 
any of a plurality of transmission/reception modes, 
comprising: measurement means for measuring 
link quality in the data transmission; detection 
means for detecting the occurrence of a reception 
error of each block in the data transmission; selec- 
tion means for selecting one mode from said trans- 
mission/reception modes depending on the link 
quality measured by said measurementmeans; and 
variable control means for variably controlling a 
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threshold used in selecting one mode from said 
transmission/reception modes by said selection 
means based on the detection result by said detec- 
tion means, 

22. The mobile station according to claim 37, having the 
features of any of claims 2 to 1 8. 

23. A threshold setting method of a mobile communica- 
tions system capable of selecting any one of a plu- 
rality of transmission/reception modes used for data 
transmission of a unit of block between a base sta- 
tion controlled by a base station control device and 
a mobile station, comprising the steps of: measur- 
ing link quality in the data transmission; selecting 
one mode from said transmission/reception modes 
depending on the measured link quality; detecting 
the occurrence of a reception error of each block in 
the data transmission; and variably controlling a 
threshold used in selecting one mode from said 
transmission/reception modes based on the detec- 
tion result. 

24. A storage medium having recorded therein a pro- 
gram of a threshold setting method of a base station 
in a mobile communications system capable of se- 
lecting any one of a plurality of transmission/recep- 
tion modes used for data transmission of a unit of 
block between the base station controlled by a base 
station control device and a mobile station, 

wherein the program causes a computer to 

execute processing for selecting one mode from 

said transmission/reception modes depending on 
the measure result of link quality in the data trans- 
mission and processing for variably controlling a 
threshold used in selecting one mode from said 
transmission/reception modes based on the detec- 
tion result of the occurrence of a reception error of 
each block in the data transmission. 

25. The mobile communications system according to 
claim 1 , wherein 

when said detection means detects the occur- 
rence of a reception error of a block, information 
about the block is retransmitted, and said variable 
control means decreases the threshold by a prede- 
termined value ASi (i = 0, 1 ; 2 N) when the 

number of times of the retransmission until the in- 
formation about the block is successfully received 
is i times (i is a positive integer). 

26. The mobile communications system according to 
claim 25, wherein 

said predetermined value ASi is determined 
based on a ratio ABR (= BR(k)/BR(k-1 )) of an infor- 
mation transmission rate BR(k) in a currently used 
transmission/reception mode to an information 
transmission rate BR(k-1) in a transmission/recep- 
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tion mode one level lower than the currently used 
transmission/reception mode. 

27. The mobile communications system according to 
claim 25, wherein 

the larger said number i of times of the re- 
transmission is, the smaller said predetermined val- 
ue ASi can beset. 

28. The mobile communications system according to 
claim 26, wherein 

when said numberi of times of the retransmis- 
sion is expressed by ABR < ) as compared with 
said ratio ABR, said predetermined value ASi is set 
to a negative value. 



29. The mobile communications system according to 
claim 25, wherein 

said predetermined value ASi is set depend- 
20 ing on a predetermined maximum number N of 
times of the retransmission. 

30. The mobile communications system according to 
claim 29, wherein 

25 when said number i of times of the retransmis- 

sion is larger than said predetermined maximun 
number N, said predetermined value ASi is set to a 
negative value. 

30 31. The mobile communications system according to 
claim 25, wherein 

said predetermined value ASi is set depend- 
ing on a target block error rate. 

35 32. The mobile communications system according to 
claim 2, wherein 

one of said first predetermined value and said 
second predetermined value is changed depending 
on a difference *AQ = TH - Q' between the threshold 
40 TH which is changed by one of said first predeter- 
mined value and said second predetermined value 
and the current link quality Q. 

33. The mobile communications system according to 
claim 32, wherein 

said first predetermined value ADown is rep- 
resented by 

ADown = max[D mtn , rl - AQ] 

when a predetermined coefficient is r1 
(0<r1<1 ), and a predetermined minimum decrease 
step size is D min . 

34. The mobile communications system according to 
claim 32, wherein 

said second predetermined value AUp is rep- 
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resented by 

A Up = max[U mjn , r2 • AQJ 

3 

when a predetermined coefficient is r2 
(0<r2<1), and a predetermined minimum increase 
step size is U mln . 

35. The mobile communications system according to 10 
claim 1 , wherein 

said transmission/reception mode is a modu- 
lation-coding mode. 

36. The base station according to claim 1 9, wherein 1$ 

when the occurrence of a reception error of a 
block is detected, information about the block is re- 
transmitted, and said variable control means de- 
creases the threshold by a predetermined value ASi 

(i = 0, 1 , 2 N) when the number of times of the 20 

retransmission until the information about the block 
is successfully received is i times (i is a positive in- 
teger). 

37. The base station according to claim 36, having the 25 
features of any of claims 26 to 36. 

38. The mobile station according to claim 21 , having the 
features of any of claims 25 to 36. 

30 

39. The threshold setting method according to claim 23, 
~i "wherein" 

said transmission/reception mode is a modu- 
lation-coding mode. 

35 

40. The storage medium according to claim 24, wherein 

said transmission/reception mode is a modu- 
lation-coding mode. 

40 
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CAN BE REACHED 
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CHANGING LOWER LIMIT THRESHOLD 
BY STEP SIZE S(RT) CORRESPONDING 
TO TRANSMISSION FREQUENCY OF RT 
ON STEP SIZE TABLE 
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FIG. 20 



RECEPTION QUALITY 
OF COMMON PILOT 
SIGNAL (CPICH) 
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FIG. 21 
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^"DETERMINATION RESULT^ 
OF TRANSMISSION BLO 




COMPUTING PROVISIONAL STEP 
SIZE A Pup FROM DIFFERENCE 
A Pup BETWEEN CIRCUIT QUALITY 
AND LOWER LIMIT THRESHOLD 

A Pup=k * A Pup 

(k : PREDETERMINED CONSTANT) 
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IS"AP'up LARGER THAN- 
PREDETERMINED MINIMUt 
STEP SIZE APunrfn? 




YES 
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RAISING LOWER LIMIT THRESHOLD 
BY A P= A Pumln 




RAISING LOWER LIMIT THRESHOLD 
BY AP=APup 
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IS DIFFERENCE BETWEEN UPPER 
NO LIMIT THRESHOLD AND LOWER 
^ LIMIT THRESHOLD SMALLER THAN 
PREDETERMINED VALUE A Pth? 
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FIG. 22 




COMPUTING PROVISIONAL STEP 
SIZE AP'down FROM DIFFERENCE 
APdown BETWEEN CIRCUIT QUALITY 
AND UPPER LIMIT THRESHOLD 

A P'down=k * A Pdown 

(k : PREDETERMINED CONSTANT) 
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IS-'AP'down LARGER 
PREDETERMINED MINIMUIt 
STEP SIZE APdmln? 




YES 
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LOWERING UPPER LIMIT 
THRESHOLD BY A P= APdmln 
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LOWERING UPPER LIMIT 
THRESHOLD BY A P= A Pdown 
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IS DIFFERENCE BETWEEN UPPER 
NO ^ LIMIT THRESHOLD AND LOWER ^ 
"~ ^\LIMIT THRESHOLD SMALLER THAN 
PREDETERMINED VALUE APTH? 




LOWERING LOWER LIMIT 
THRESHOLD BY AP 
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